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SYNOFSlY 

This paper summarizes deterniinations of the dust 
content of the atmosphere made at  the American Univer- 
sity, D. C., with an Owens dust counter. Variations 
with the seasons and with the direction and velocity of 
the wind are shown, and are attributed principally to 
smoke from the near-by city of Washington. A close 
relation is shown between tshe limit of horizontal risi- 
bility and the dustiness of the atmosphere. 

. FIG. 1.-Monthly means and extremes of the dust content of the atmosphere at the 
Ameriran Universlty, D. C. 

Determinations made during free-balloon flights show 
considerably less dust than was found during previous 
ai laneflighh. 

&ores were observed at intervals in 1924 between 
July 12 and November 21. They were first observed in 
1925 on June 8. 

INTRODUCTION 

The results here summarized are in continuation of 
those published in the MONTHLY WEATHER REVIEW for 

56302-25t-1 

hla.rch, 1934, 53:133-141. The Owens dust counter, 
shown in Figure 1 of thab paper, has been used to deposit 
t,he dust from a known volume of air on a microscope 
cover glass. The dust thus deposited has been examined 
and counted b means of a high-power miscroscope in the 

Unless otherwise stated, all dust determinations have 
heen made at  the American IJniversit-y, which is northwest 
of the city of Washingt.on at a distance of about 2 miles 
from the section knowii as Georgetown, 4 miles from the 
White House, 5?5 miles from the Capitol, and 5 miles or 
more from all important railroads. The tabulated sum- 
maries that follow include observabionsmade a t  8 a.m. on1 . 
means, the monthly masima, and the monthly minima 
of dust determinat,ions from trhe beginning of observations 
iii December, 1932, to April, 1935, inclusive. The 
monthly averages and estremes are also shown graphi- 
cally in Figure 1. Aside from the marked increase in 
dustiness during the winter season, there are considerable 
variations in monthly values from year to year, and especi- 
ally in the maxima. These variations are undoubtedly 
due principally to local smoke from the city, and they will 
probably increase in magnitude, as building operations 
are rapidly extending the residence section to the north 
and south of the university. 

TABLE I.-Dust content of the atmosphere at the American Utiiuersily, 
D.  C. ,  at 8 a. in. (dust particles per cribie centiwetcr) 

iiianner descri f led in the same paper. 

Seasonal ~vccricrliio~is.-Iii Table 1 are given the mon4h 9 y 

MONTHLY MEANS 

-. 
MINIMUM 

__ 



The remarkably high maximum of 7,077 in April was 
obtained a t  8 a. m. on April 7,1925. A smoke cloud that 
in the absence of wind had collected over the city in the 
early morning was lifted by convection and carried bg a 
li ht  easterly wind over the university. By nooii the 
sfy had cleared, and the dust content was only 166 parti- 
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winter the minimum dust content is found with north- 
west winds; in summer, with west to north winds. 

TABLE 3.-Sunimary of atmospksric dust counts, American Uni- 
sity, S a .  wa. 

GROUP A. WINTER MONTHS-JANUbRY TO MARCH, 1921; DECEMBER, 
IW4, TO MARCH, 1925 

suvnrm sN*r 

FIO. 2.-Variation in the dust content of the atmosphere with wind dlrection during 
the warm months (April to November). Note: The average dust eontent,(pnrticlrs p‘ c. e.) with each wind directlon Is indlcated by the length of the straight line d y v n  
01‘ that dkectlon. The shaded aren at the center of the flgure indicates the relatlve 
frequency of winds from the difforent directlons 

cles per cubic centimeter,or leas than the minimum for 
the month at 8 a. ni., and the visibility had increased from 
three-fourths to 30 miles.’ The July maximum of 1,953 
was obtained on July 21, 1924, a da with dense haze. 

Variahor~ with u$nd direction.-dgures 2 and 3 show 
the variations in the dust content of the atmosphere 
with wind direction in the warm (April-November) and 
the cold (December-March) months, respectively. The 
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FIG. 8.-Variation in the dust content of the atmosphere with wind direction during 
the cold months (DecembeF-March). Note: The average dust content (particles 
per e. e.) with each wind direction is indlcated by the length of the straight line drawn 
for that direction. The shaded area at>he F t e r  of the flgure indicates the relative 
frequency of winds from the different directions 

preponderance of dust when the wind is from an easterly 
direction undoubtedly is due to city influence. The 
secondary winter mksimum with west winds may be due 
to smoke from the heating plant of the nitrate fixation 
laboratory, which is about 600 feet west of the college of 
history building where the dust records are obtained. I n  

. .- 

I See Hnnd. Irving F. Effect of i d  smoke on visibility and solar rsdlation intensitles. 
This REVIEW, April, 1925, 53: 147-148. 
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1 Light fog. 

CORBEL.4TION OF ATMOSPHERIC DUSTINESS WITH 
VISIBILITY 

In Table 3 the dust mensurements made between Jmu- 
ary, 1924, nncl April, 1925, inclusire, have been sum- 
rnnrized in two groups. Group A includes the data for 
the cold months, December to March, inclusive, and 
Group €3 the datu for the wsmii months, April to No- 
vember, iiiclusive. Subdivisions in t.hese two oroups are 
arrangecl in nccorclancc wit11 the liniit of visihity. In 
general. except with a visibility of 50 miles or more. the 
number of dust particles corresponding to n given visi- 
bility is slight.ly greater in winter than in summer. In 
both the warm and the cdd periocls increased dustiness 
is accompanied b decreased visibility. 

creased wind velocity is usually acconipanied by increased 
ntniospheric dustiness. While there is the same general 
tendency in the warm months, Table 3 and Figure 4 
show a rather marked departure from the rule with winds 
of 8 to 9 miles per hour. Only 10 observations are 
available with winds of 9 miles. One of these was with 
a northeast wind and a dust content of 553 particles 
per cubic centimeter; four with an east wind and an 
average dust content of 482; the other five with north- 
west wind and an averaue dust content of 892. On one 
of these latter “Dense Raze and smoke” was recorded 
and on another “haze on the horizon.” It may be that 
winds of this velocity nt 8 a. m. in summer are indicative 
of sufficient wind movement during the day to introduce 

Table 2 also s x o w  that during the cold months de- 
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Wind veIocity. miles 1 
per hour I 1 

Number 01 occur- I 

rtnces . _ _ _ _ _ _ _ _ _ _ _ _ !  39 
Number of. plirticlffl I 

pcr cubic renti- 
nirter __________.___ i98 

. -. -. 

considerable surface dust into the atmos here, while a t  

storms that have washed out the dust from the atmos- 
phere and left the ground surface moist. 

Washington winds of higher velocity usu J ly follow rain- 

53 

010 
__ . 

FIG. 4.-The relation between wind vclocity and the dust content of the atmosphere 
during the warm months (hpril to November) 

TABLE 3.--Relation between w i i d  rdocily c o l d  dicsl conleiit of the 
atmosphere in the warm iiwn1h.s (di,'.il-.~oi~ei~iba.) 

The relation between dustiness and visibility is clearly 
shown in Table 4, which summarizes all observations 
made at  8 a. m. between December, 1923, and April, 
1925, inclusive. 

In. the equation , 
C = N x I t .  H . x D .  
N = tlie number of dust particles per cubic centimeter. 

R. H.=the relative humiditv as cletermincd :It the 
Central Office of the Weather Bureau nt S 
a. m., and 

D = tlie limit of risibility in miles. 
In the paper already quoted above the value of C was 

given as 480,000. The mean valw for Table 4 is only 
390,OUO; or, if we omit days having ii visibility of 1 0  
miles 01- less, the mean value is 4:35,000. 

TABLE . ~ . - - - l - n i ~ ~  o j  P = . L ~ , . : R .  r f . x  D 

Number of ohnervetioils 

The inrtsimum value of C is for a distance of 30 mileu. 
This is probably due to the fact that Sugar Loaf Moun- 
tain, an isolated peak, is a t  that distance from the uni- 
versity in a northwesterly direction. It is therefore not 
only a conspicuous object, but it is in a favorable direction 
for observin- during the morning. The eaks in the 
B l ~ e  Ridge %fountains G8 niiles west of t Yl e university 

are so little higher than other mountain ranges in the 
mine direction that they can be identified only when the 
hackground .as well as tlie intervening atmosphere is 
favorable. Objects visible at 10 to 20 niiles are ranges of 
hills without marked characteristics. The towers of the 
Arlington Radio Station, at  a distance of 5 miles, are 
conspicuous, but tlie interveiiiug valley of the Potoniac 
is apt to be smoky in tlie early morning. 

On Spril 7, 1955, the visibility was carefully deter- 
mined us three-fourths mile. This value, with the dust 
content, N? of 7,077, and a relative humidity of 83, gives 
lor C the valuo of 440,500. On this date the dust was 
clue principally to smoke, and the particles were larger 
t.han the average. 

local srnoke often plays an important part. 
No tlouht tho size of tlie dust part.icles is generally a 

factor in deterniiniiig the liniits of visibility. For exani- 
plt!, in October. 192-1, the Blue Ridge Idfountains at  a 
tlist:ince of 50 miles were seen four times, with an average 
aitinospheric dust content of 334 and an average relative 
humidity of 73, giving a nienn value .for C of 817,600. 
This w;~s one of the driest niontlis Washington has ever ex- 
perienced, nncl the haziness of tlie atmosphere was pro- 
nounced. Theilust partklesm-erebelow theaverageinsize. 
On tlie remaining sis clays during the warni niont,lis o l  
1924-23 on which n visibility of 50 rides wits .recorded, a 
inem dust conteiit of 146 and an a\-erage relative huniidi- 
ty of 6:s give for tlie viilue of C! 459,900. On July 21, 1924 
;I c1a.p with dense lin.ze, ti dust content of 1,953, nrelutive 
liuiniclit~y of 83, and a visibility of 3 miles give for t-lie 
value of C 470,400. On July 12, 1924, at 8 a. m., the 
time of observation, a fire WRS in progress a t  the Benning 
stockyards, about S miles southeast of the university. 
The wind was 6 miles per hour from tlie south. A dust 
content of 1,659, 2% relative humidity of 93, and a visi- 
bility of 3 miles, give for the value of C, 465,000. 

R;u.rnal. varia.tion in atmosphuic dusti~less.-On inter- 
national clays, as designated by the International com- 
mittee for t,lie Esploration of the High Atmosphere, dust 
deterniinations are niade at  noon as well as at  8 a. m. 

Between February, 1933, ;mil April, 1035, observa- 
tions on I(; days during the cold months, December to 
M ~ r c h ,  inclusive, give for tlie 8 a. ni. mean 819 dust 
1)nrticles per cubic centimeter mcl for t,l?e corresponding 
noon iiiettli, 637. During tlic same period observations 
on 40 d a p  during the w-tirni :nont,hs, April to November, 
incluuivp, give for blie S n. ni. ineltn G41, and for the 
corrcspontling iioon piem, 41.1. For tlie entire period the 
56 noon cleterniinl~t,ionR show only 6ZI per cent as many 
(lust. pi1rticle.s per cubic centimeter its the S ti. 111. cleternii- 
iidticms. This is probably tlie result of the clearing of 
the atinos Bere of local dust ~ c n d  sniuke by the increme 
of wiiitl ve 7 ocity during tlie forenoon. 

OBmitvxrmxs FEOJL BALLOOHS 

During April nnd May, 1924, deterniinnt~ions of the 
dust content of t,he atiiiospliere were innde by Dr. C, 
LcRoy Meisin er in connection wiCh bnlloon flights from 
Scott, Field, Id On account of the repettable accident 
thnt lccl to the ilenth of Doctor Meisinget. on his last 
flight! we have not been able to interpret. hxs brief notes 
 IS fully as woulil hnve been the c m e  Itnd it been possible 
t-o consult with him in regmd t.0 them. The dust 
counter used by Mr. Hand duriii airplane flights in 

nnil the (lust c1)unt.s in:tilc by Mr. Bund aft,er their 
receipt in Wnshingbon. 

Undoubtedly this is general1 
when the visihility is less than 30 miles, as in suc g cases true 

1833 wm cmploycd, m d  tlie cover g 7 asses were esnmined 
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Location 

TABLE 5.-Determinations of the dust content of the atmosphere 
during balloon jlights 

FREE-BALLOON DETERMINATIONS 

Height 
above 
ground 

- 
Date 

- 
1924 

Apr. 1 

2 

11 
12 

18 

23 
24 

29 

May 7 

-- 

Scott Field _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Near Scott Field _ _ _ _ _ _ _ _ _ _ _ _  
Over Nashville, Ill _ _ _ _ _ _ _ _ _ _  
Over Mt. Vernon, I11 _ _ _ _ _ _ _ _  

Time 

Fed 
0 

1,050 
1, WJ 
3, OOO 
4,000 

445 p. m. 
535 p. m. 
625 p. m. 
6 5 2 ~ .  m. 
000p. m. 
050 p. m. 
006 p. m. 
Q39p.m. 

1230 p. m. 
1:30p. m. 
1:50p. m. 
225p.m. 
3:46 p. m. 
ROO a. m. 
W5a. m. 

1l:lOa.m. 
1l:IOa. m. 
1235p. m. 
7:50p. m. 
805 p. m. 
035 p. m. 
015 p. m. 
6:lO p:m. 
6408. m. 
1:45 p. m. 
3:20p. m. 
34Op. m. 
514p. m. 
5:25p. m. 
6 5 2 ~ .  m. 
014p. m. 
64Op. m. 
7:Wp. m. 

Apr. aS 1000a.m. 

I Dust 
mtanl 
psrtl- 
dea 

mr c. c 

798 

38 

("16 
9 

16 

22 
36 
41 
59 
57 

152 
23 
69 
24 
13 
58 
76 
71 
55 
44 
40 
09 
48 
16 

12 

- 

(!01 

a8 

(')19 

.-____ 

(9 

DIRIQIBLE DETERMINATIONS 

11:00 a. m. 
11:45 a. m. 
Noon--.-. 

SCOTT FIELD DETERMINATIONS 

Remarks 

Large pnrticles 
Hke spores. 

C o v e r  g l a s s  
broken. 

Scott Field _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 523 
Scott Field _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  0 142 
Scott Field _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 Whitcsky. 1 H 1 Scott Field _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Scott Field _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I I I I 

1 No visible record. 1 Less than 10. 

Table 5 gives the time, place, and height above ground 
at which dust determinations were made. Table 6 
summarizes the results. 

TABLE B.--Siwmaru o j  nltnoapheric dust dclsrtninntions from 
balloons 

Height in feet deter- 1 mlns I tions 

Between 300 and w)o _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Surface-.. - - - - _ _  - _ _  _ _ _  _ _  _ _  _ _  

. - -. .. ._ -_ 

Dust particles 
per C.C. 

I 
Remarks 

Mean Mar. Min. 1 - _- 
13 Q Freeballoon. 

Detroit. 
35 Dirigible balloon. 

112 At Scott Field. 
.~ ~ 

These det,erminations show considerably less dust in 
the atmosphere than was found by Mr. Hand during 
airplane fli hts. This is partly explained by the fact 
that the ba B oon flights were made in the spring when we 
would expect less dust in the atmosphere than late in 
the season after convection has been adding to the dust 
at hi h levels for u long period. Further, it  was sus- % that some of the dust found during air lane 
gF$s came from the engine eshaust. We must t \ ere- 
fore conclude that in the open country under norpal 
conditions t,he dust content of the atmosphere is small 
above an altitude of '2,000 feet from the surface. 

On April 12 the influence of smoke from the city of 
Detroit IS apparent at elevations up to 3,500 feet. 

CHARACTER OF THE DUST PARTICLES 

Finely divided mineral matter, probably dust taken up 
from the surface of the ground by the wind, predominates 
in summer, with occasionally a few spores. These latter 
were observed at  intervals from July 12 to November 21, 
in 1934, the niaximum number being 20 er 1,000 cubic 
centimeteis on August 29. In 1925 t t ey were first 
observed on June 8. During the winter and especially 
on mornings with little wind, or with wind from an 
eastesly direction, products of combustion may redomi- 
nate. These latter are usually larger than sur P ace dust 
particles. 

H l Q H  M A X I M U M  TEMPERATURES IN LATE S P R I N G  OF 1935 

By ALFRED J. HENRY 

Followin the warm winter of 1924-25, especially the 
month of d ebruary, it would not be surprising had there 
been more or less fre uent short periods of unseasonably 
low temperature and B lustery weather in the s rin In 
Europe such periods did occur, but here in t t e  8nited 
States March as a whole was warm. April also was warm 
and es eciall characterized by a two-da eriod of ab- 
norma& hi$ temperature when the && maximum 
rose to 93' and 94' res ectively. The average maximum 
temperature for A rip in Washington, D. c., is 630. 
ResidenB of the Cnited States east of the Rocky 
Mountains, and more especiall those who live in Atlantic 
seaboard States, may recall t l? at once every so often an 
outburat of summer heat is experienced sometimes as 
early as April. The April maximum temperature in 
Washmgton, D. C., has equaled or exceeded 90' in 5 out 
of the last 55 years, or 1 year in 11. For May with a 
mean maximum of 75' the maximum temperature has 
equaled or exceeded 95' in 6 out of the last 55 years and 
the highest maximum in that period, 97', was recorded 
on May 23 of the present year. 

These outbursts are considered as an integral part of 
the climate of the eastern two-thirds ot the United States. 
They result from an apparently fortuitous combination 
of at least three basic initial conditions, as follows: 

(1) The presence of an anticyclone over the eastern 
seaboard of the United States, with lit& or no movement 
exce t a slow settling to the southward. 

(2p The presence of a cyclone west of the Mississippi, 
with a slow movement toward the east-northeast. 

(3) Small net loss of heat from the earth's surface clue 
to the presence of haze or light cirrus clouds. 

When on any day in spring the two items first named 
are in combination the conditions are ideal for a rapid 
surface warming over the great interior valleys of the 
United States. The winds on the west margin of the 
anticyclone will be souther1 , and althou h the may 

become so. $he chan e to hi her temperature is not. as 
might be espected,uni P ; f  orm an coterminous with the area 
of the southerly winds, but rather it is localized in certain 
areas which appear to have a rather definite relation to 

not necessaril be warm in t i e beginning t a 1  ey wi 1 soon 


